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(54) MICRO-SURGERY FIXATION DEVICE, VARIANTS AND MANIPULATION PUSH-BAR FOR 
MOUNTING THE SAME 



(57) The present invention relates to medicine, 
more specifically to microsurgery and can find applica- 
tion both for dilating stenosed portions of tubular organs 
and blood vessels and for fixing the edges of holes in 
tissues or holding prostheses, e.g., when positioning 
occluding, valve, or filtering prosthetic appliances on 
parietal lesions or defects, as well as on inosculations of 
hollow or tubular organs. The invention makes possible 
extending the field of application and functional capabil- 
ities of the microsurgical fixing device, as well as to 
enhance its reliability and safety of its positioning. 
According to one of its embodiments the microsurgical 
fixing device appears as at least two springs each 
appearing as a cone frustum or a flat ring made from a 
Z-shaped bar that forms a closed loop. The springs are 
movably interconnected through the apices of zigzags 
which are situated on the same circle so as to provide 
reversible compression of the springs under the effect of 
external load. In an alternative embodiment of the 
invention the microsurgical fixing device comprises a 
single spring appearing as a cone frustum or a flat ring 
made from a Z-shaped bar forming a closed loop. The 
zigzag apices lying on the same circle are provided with 
retainers movably connected thereto, each appearing 
as an elastic bar provided with a hook. The manipula- 
tion pusher appears as a number of tie-members pro- 
vided with slideways connected, through a coupling, to 
a guide-catheter. The tie-members are accommodated 



in the coupling and the guide-catheter longitudinally 
movably thereinside and with respect to the slideways. 

Fig . 1 
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Description 

Technical Field 

[0001] The present invention relates in general to 5 
medicine and more specifically to microsurgery; the 
invention can find application both for dilating stenosed 
portions of tubular organs and blood vessels and for fix- 
ing the edges of holes in tissues or holding prostheses, 
e.g., when positioning occluding, valve, or filtering pros- 
thetic appliances on parietal lesions or defects, as well 
as on inosculations of hollow or tubular organs. 

Background Art 

[0002] Known in the present state of the art is a micro- 
surgery fixing member of a self-locking vascular pros- 
thesis (cf. USSR Inventor's Certificate #1,217,402, IPC 
A61 F 2/06, 1986), which is in fact aflat spring appearing 
as a wire bent into a Z-shape. However, the device in 
question is inconvenient in use, since the spring fails to 
establish a closed loop or circuit. 
[0003] Another disadvantage of the fixing member 
under discussion resides in that its field of application is 
limited only to fixing a prosthetic vessel. 
[0004] One prior-art microsurgery fixing device (US 
Patent # 4,580,568, IPC A61M 1/34, 1986) is known to 
appear as a spring bent into a Z-shape establishing a 
closed loop or circuit formed as a cylinder. 
[0005] The known device is disadvantageous in that 
its field of application is limited and the device is appli- 
cable only to hollow tubular organs. 
[0006] A prior-art device for installing a self-locking 
vascular prosthesis (cf. USSR Inventor's Certificate # 
1,318,235, IPC A61M 29/00, 1986) is known to com- 
prise a flexible tubular guide and a pusher, both ena- 
bling the prosthesis to be transported and positioned in 
the lumen of the vessel involved. 
[0007] The aforementioned known positioning means 
is disadvantageous in that it is incapable of changing 
the position of the prosthesis after the latter has been 
released from the tubular guide. 
[0008] A prior-art manipulation device for positioning 
an intravenous filter (cf. RU Patent # 2,000,18, IPC 
A61M 1/34, 1992) is known to comprise a pusher 
appearing as a stilet with tie-members held in place 
thereto and appearing as elastic bars provided with cou- 
pling sleeves fixed at their ends and aimed at joining 
with the appliance being implanted. 
[0009] A disadvantage inherent in said known posi- 
tioner resides in that its construction does not provide a 
possibility of withdrawing the implantable appliance. In 
addition, its use is fraught with a danger of a premature 
disjoining from the fixing members of the appliance 
being implanted. 



Disclosure of the Invention 

[0010] With specific problem in mind, it is a particular 
and primary object of the present invention, as far as the 
microsurgical fixing device is concerned, to extend the 
field of application and functional capabilities of the pro- 
posed microsurgical fixing device, namely, to provide a 
possibility of strengthening the edges of holes in tissues 
and fixing occluding, valve, or filtering prosthetic appli- 
ances on parietal defects or on inosculations of hollow 
or tubular organs. 

[0011] With specific problem in mind, it is a particular 
and primary object of the present invention, as far as the 
manipulation positioning pusher is concerned, to attain 
higher reliability and safety in positioning the fixing 
device by providing a possibility to position, remove, dis- 
place, or withdraw it while neither breaking the device 
nor damaging the surrounding tissues. 
[001 2] The foregoing object is accomplished, as far as 
the microsurgical fixing device is concerned, due to the 
fact that said device comprising a spring appearing as 
an elastic Z-shaped bar that forms a closed loop, further 
comprises at least one spring appearing also as an 
elastic Z-shaped bar, each of said springs being so 
arranged that its opposing apices are disposed along 
the perimeters of the bases of a cone frustum or along 
concentric circles that form a flat ring, while the apices 
of zigzags of said Z-shaped bar in each spring located 
on the same base of the cone frustum or along the 
same ring circle are joined together with the apices of 
zigzags of a next spring which are also arranged on the 
same base of the cone frustum or along the same ring 
circle through joining members so as to provide a possi- 
bility for said springs to be compressed reversibly, and 
the apices of zigzags not joined together are adapted to 
receive the actuating members of a positioning unit. 
[0013] In a specific embodiment of the proposed 
microsurgical device it comprises two springs, each 
appearing as a cone frustum, while joined together are 
the apices of zigzags located on the greater bases of 
the cone frustums formed by each of the springs. 
[0014] In another specific embodiment of the pro- 
posed microsurgical device it comprises two springs, 
each appearing as a cone frustum, while joined 
together are the apices of zigzags located on the lesser 
bases of the cone frustums formed by each of the 
springs. 

[0015] The springs are in this case put together with 
the greater bases of the cone frustums. 
[001 6] In particular, the diameters of the greater bases 
of the cone frustums formed by each spring are une- 
qual. 

[0017] In specific embodiments of the device angles 
at the greater bases of the cone frustums formed by 
each spring, are not in excess of 45 degrees, which pro- 
vides for a permissible pressure exerted by the springs 
upon the tissues. 

[0018] Furthermore, with a view to increasing spring 
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stiffness, at least one spring turn is provided at each 
zigzag apex. 

[0019] In a specific embodiment of the proposed 
device the bar from which the spring is manufactured is 
made of wire having its various portions differing in 
shape and cross-sectional area. 
[0020] In a specific embodiment of the proposed 
device each joining member appears as a bracing ring 
whose size is selected so that the device may be placed 
in the positioning unit. 

[0021] Specifically, the bracing ring appears as at 
least single spring turn. 

[0022] Furthermore, with a view to make possible 
putting patches on rather thick tissues, or strengthening 
the edges of such a tissue, each joining member 
appears as an elastic bar provided with rings or holes at 
its ends, the size of said rings being so selected that the 
device may be placed in the positioning unit. 
[0023] Specifically, each joining member is made of 
wire and appears as a tension spring provided with 
rings at its ends, the size of said rings being so selected 
that the device may be placed in the positioning unit. 
[0024] The foregoing object is accomplished also due 
to the fact that in a microsurgical fixing device, compris- 
ing a spring appearing as an elastic Z-shaped bar that 
forms a closed loop, said spring is so arranged that its 
opposing apices are arranged along the perimeters of 
the bases of a cone frustum or along concentric circles 
which form a flat ring, while all the apices of Z-shapes 
that are located on one of the bases of the cone frustum 
or on one of the circles of said flat ring are provided with 
retainers each of which appears as an elastic bar and 
has at least one hook; each retainer is movably con- 
nected, through the joining members, to one or two api- 
ces of zigzags so as to provide reversible compression 
of the spring; all the retainers are situated on the same 
side of the spring and the free ends of the retainer bars 
are adapted to receive the actuating members of the 
positioning unit. 

[0025] Furthermore, the angle at the greater base of 

a cone frustum defined by the spring, is not in excess of 

45 degrees, which provides for a permissible pressure 

exerted by the springs upon the tissues. 

[0026] Furthermore, the hooks of all the retainers are 

oriented away from the spring axis. 

[0027] Furthermore, with a view to increasing the 

spring stiffness, at least one spring turn is provided at 

each of the zigzag apices. 

[0028] In a specific embodiment of the proposed 
device the bar from which the spring is manufactured, is 
made of wire having its various portions differing in 
shape and cross-sectional area and is provided with 
hooks, or knurling, or spring turns. 
[0029] Furthermore, a hole or ring is provided at the 
end of each retainer opposite to the free end thereof for 
movably connecting the retainer to the joining member. 
[0030] In a specific embodiment of the device each 
joining member connecting the retainer to one zigzag 



apex appears as a closed ring or a ring with at least one 
spring turn, the size of said rings being so selected that 
the device may be placed in the positioning unit. 
[0031] In an another specific embodiment of the 

5 device each joining member is made from an elastic bar 
and appears as a symmetrically curved clip having a 
back and two legs provided with rings at their ends and 
connected to two adjacent zigzag apices, while the clip 
back is connected to the retainer. 

10 [0032] Specifically, the clip back has at least one 
spring turn. 

[0033] Furthermore, in order to accomplish the afore- 
said object, each retainer has the free end of its bar 
adapted to receive the actuating members of the posi- 
15 tioning unit, is provided with a hole, or ring, or projec- 
tion, or recess. 

[0034] In a specific embodiment of the invention the 
retainer hook is fitted on a sleeve fixed in position on the 
retainer bar. 

20 [0035] In an another specific embodiment of the 
invention the retainer hook is provided on a sleeve 
which is movable over the retainer bar from the initial to 
the fixing position. 

[0036] Furthermore, with a view to more reliably fixing 
25 the device on tissues, each joining member has at least 
one further hook. 

[0037] The foregoing object is attained, as far as the 
manipulation positioning pusher is concerned, due to 
the fact that the pusher comprising a number of tie- 

30 members each of which is adapted to be joined with the 
components of the present microsurgical device, further 
comprises slideways in a number equal to that of the tie- 
members, and a guide-catheter connected, through a 
coupling, to the slideways secured thereon; each tie- 

35 member is longitudinally movable inside the coupling 
and the guide-catheter with regard to its respective 
slideway, the length of each tie-member exceeds a total 
length of its respective slideway, the coupling, and the 
guide-catheter; the distal end of each slideway is 

40 adapted to interact with the component of the microsur- 
gery device joined with the corresponding tie-member 
and the guide-catheter carries a clamping fixture 
adapted to fix the tie-members in position. 
[0038] In a specific embodiment of the invention each 

45 tie-member is made of a loop-shaped flexible cord or 
string. 

[0039] In an another specific embodiment of the 
invention the tie-members appear as elastic bars pro- 
vided with hooks, or projections, or recesses at the ends 

so thereof which deflect at a maximum angle of 90 degrees 
with respect to the axis of the manipulation pusher. 
[0040] In a specific embodiment of the invention the 
slideways appear as small flexible tubes inside which 
tie-members are accommodated. 

55 [0041] In a specific embodiment of the invention the 
slideways appear as small tubes inside which tie-mem- 
bers are accommodated and which are secured on the 
coupling through elastic bars that deflect at a maximum 
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angle of 90 degrees with respect to the axis of the 
manipulation pusher. 

[0042] In some specific embodiments of the invention 
the slideways are equal in length. 
[0043] In a specific embodiment of the invention the 
coupling is fitted at the distal end of the guide-catheter. 
[0044] In an another specific embodiment of the 
invention the coupling is fitted at the proximal end of the 
guide-catheter through an articulated joint and the slide- 
ways are accommodated inside the guide-catheter and 
extend beyond its distal end. 

[0045] Furthermore, with a view to avoiding deforma- 
tion of the retainer hooks and ensuring against injury to 
the surrounding tissues when positioning the present 
fixing device, it further comprises a safeguarding tube 
fitted on the guide-catheter coaxially therewith. 

Brief Description of the Drawings 

[0046] In what follows the present invention is 
explained in the disclosure of exemplary embodiments 
thereof given by way of illustration to be taken in con- 
junction with the accompanying drawings, wherein: 

FIG.1 is a side view of a spring of the microsurgical 
fixing device, according to the invention; 
FIG. 2 is a plan view of the spring of the microsurgi- 
cal fixing device, according to the invention; 
FIGS.3 and 4 present a sectional view of the micro- 
surgical fixing device while positioned on tissues, 
comprising two springs interconnected through the 
various joining members, according to the inven- 
tion; 

FIGS. 5 and 6 display a sectional view of the micro- 
surgical fixing device while positioned on tissues, 
comprising one spring and retainers connected 
thereto through the various joining members, 
according to the invention; 

FIG. 7 illustrates the microsurgical fixing device 
comprising three springs, according to the inven- 
tion; 

FIGS.8 and 9 show the microsurgical fixing devices 
joined with the manipulation pusher, with the vari- 
ous embodiments of the microsurgical fixing device 
and of the manipulation pusher, according to the 
invention; 

FIG. 10 illustrates the positioning unit carrying the 
microsurgical fixing device joined together with the 
manipulation pusher and accommodated in a cylin- 
der-shaped sleeve, according to the invention; and 
FIGS.1 1 through 14 illustrate the steps of the posi- 
tioning procedure of the microsurgical fixing device 
on a tissue, using the manipulation pusher. 

Modes of Carrying Out the Invention 

[0047] The microsurgical fixing device comprises one 
or more springs 1 (in the various variants of the device) 



which are made from an elastic Z-shaped bar that forms 
a closed loop by joining together the free ends of said 
elastic bar. Provision may be made on the elastic Z- 
shaped bar of the spring for hooks, clips, knurling, or 

5 spring turns for holding the spring on tissue and secur- 
ing the prosthetic appliance on the spring. 
[0048] Each spring is so arranged that opposing api- 
ces of the Zigzags of the elastic bar are inscribed in dif- 
ferent-diameter circles whose centers are arranged on 

w the same axis square with each of said circles. The cir- 
cles in question may be both coplanar and noncoplanar. 
Exemplified in FIG.1 is a spring shaped as a cone frus- 
tum. The spring may also be so arranged that the bar 
portions between the apices of zigzags are arcuate in 

is shape, and the bar bents are directed away from the 
axis of symmetry of the spring. One or more spring 
turns 2 may be established in each zigzag apex. 
[0049] In one of the embodiments of the present 
invention use is made of two interconnected springs 

20 (FIGS.3 and 4). 

[0050] The springs 1 are interconnected through join- 
ing members appearing as bracing rings 3 both closed 
and comprising one or more spring turns, and as an 
elastic bar 4 provided with rings 5 or holes at its ends, or 

25 else as a tension spring having rings at its ends. When 
the present device is to be positioned on rather thick tis- 
sues, use is made of the joining members in the form of 
an elastic bar or a tension spring. 
[0051] The joining members are so made as to pro- 

30 vide an unobstructed reversible compression of the 
springs within a cylindrical interior space of the position- 
ing unit. 

[0052] The microsurgical fixing device may comprise 
two or more springs of any configuration proposed 

35 herein, put together in any possible combination. Spe- 
cifically, the springs present in FIGS.3 and 4 may be put 
together with the greater bases of cone frustums, and 
the joining members interconnect the spring apices 
located on the lesser base of the cone frustum. Once 

40 joined together the springs acquire a flat shape (ring) 
and appear to be in a slightly loaded state, whereby the 
device is fixed on tissues more reliably. A reliable fixing 
of the device on tissues is attained also when use is 
made of springs featuring a very small angle at the base 

45 of cone frustum, as well as with the springs appearing 
as flat rings, this being due to the fact that at any possi- 
ble load arising during operation the springs encom- 
pass snugly the edges of a hole in tissues, and the 
spring is released so as to suit the hole size and follow 

so its shape. The effect produced by the microsurgical fix- 
ing device on tissues can be controlled by appropriately 
selecting the magnitude of the angles at the bases of 
cone frustums, defined by the springs. The permissible 
effect produced on tissues for differently stiff springs is 

55 attained, as a rule, when the magnitude of the base 
angle of cone frustum is not in excess of 45 degrees. 
[0053] In some alternative embodiments of the micro- 
surgical fixing device use may be made of three or more 
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springs joined successively together. An embodiment of 
the microsurgical fixing device with three springs is 
present in FIG. 7. This embodiment renders the fixing 
device positionable in intricately shaped body cavities. 
[0054] A patch 6 can be affixed to one of the springs, 
using one of the commonly known techniques, e.g., by 
sewing on spring turns; also two patches can be held to 
two springs, thus providing closure of a hole in tissues 
on both sides (FIGS.11-14). 

[0055] In another embodiment of the device a single 
spring is used, provided with retainers (FIGF.5 and 6). 
[0056] Used as said retainers may be any heretofore 
known fasteners capable of fixing, in combination with 
the spring properties, the microsurgical fixing device in 
every particular case of its use. 
[0057] Each retainer may appear as an elastic bar 7 
having at least one hook 8 fitted thereon through, e.g., a 
sleeve 9. When the sleeve is movable, the retainer bar 
is provided with locking shoulders which can be formed 
by bents 10 and projections or recesses of the retainer 
bar. To provide fixing of the device on tissues, in some 
particular embodiments thereof, the ends of the retainer 
hooks are oriented towards the spring as shown in 
FIG.5. 

[0058] To provide reversible spring compression in the 
cylindrical interior space of the positioning unit, the 
spring 1 is connected to the retainers 7 through joining 
members which may appear either as a ring 1 1 made 
up of one or more spring turns, or as a symmetrically 
curved clip 12 having a back and two legs provided with 
rings 13 at their ends. The clip back may have a spring 
turn 14. 

[0059] The retainer may be joined to the ring or the 
clip back either rigidly or movably, using the hole or ring 
at the retainer end. 

[0060] Each joining member may have a further hook 
1 5. The free end of the retainer bar is adapted to join the 
positioning unit through, e.g., a ring 16, a hole, a closed 
loop, a projection, or recesses. 
[0061] When the spring is applied to the tissue with 
the greater base of the cone frustum and is fixed on said 
tissue with the aid of microsurgical retainers, the spring 
acquires the shape of a flat ring and proves to be in a 
slightly loaded state, whereby the device is fixed on tis- 
sues more reliably. 

[0062] The proposed microsurgical fixing device with 
or without prosthetic appliance fixed therein is posi- 
tioned using a positioning unit (FIG. 10) which com- 
prises a transporting tube 1 7 provided with a butt-end 
joint 18 for separably joining with a cylinder-shaped 
sleeve 19 having its inside diameter equal to that of the 
transporting tube, and a positioning manipulation 
pusher. 

[0063] The positioning manipulation pusher com- 
prises a tie-member 20 in an amount equal to that of the 
apices of spring zigzags, or that of the retainers of the 
microsurgical fixing device. Each tie-member is mova- 
ble with regard to its respective slideway, in particular, 



as shown in FIG.8, inside its own slideway 21 appear- 
ing, e.g., as a small tube. The slideways of the tie-mem- 
bers, according to the embodiment shown in the 
drawings, are spaced apart equidistantly and secured 

5 along the circumference of a cylindrical coupling 22. As 
shown in FIG.8, the slideway is secured on the coupling 
through an elastic bar 23 one of whose ends is rigidly 
connected to the coupling 22, while the opposite end is 
bent out through a maximum angle of 90 degrees with 

w respect to the axis of the manipulation pusher so that 
the joining bar is arc-shaped. The bend of the joining 
bar may be provided with a spring turn. When the slide- 
ways are secured on the coupling as described above, 
they may appear as small rigid tubes or bars with bent- 

15 out rings at their ends. 

[0064] The coupling 22 may be connected to the distal 
end of a guide-catheter 24 through which the tie-mem- 
bers 20 are passed so that their ends 20 extend there- 
from. A clamping fixture 25 is held to the guide-catheter 

20 so as to adjust the tie-members for length and tension. 
The clamping fixture may be shaped as, e.g., a collet 
clamp, spring lock, etc. 

[0065] The tie-members 20 of the manipulation 
pusher may be either flexible and appear as a loop of a 

25 flexible cord, a string, or a monofilament or elastic and 
appear as elastic bars. According to some embodi- 
ments of the present invention, the ends of the elastic 
bars are bent out through a maximum angle of 90 
degrees with respect to the axis of the manipulation 

30 pusher so that the bars are arc-shaped and the working 
ends are provided either with hooks 26, or projections, 
or recesses. In a specific embodiment of the manipula- 
tion pusher the tie-members running inside the guide- 
catheter are joined together. 

35 [0066] In one of the embodiments of the manipulation 
pusher the coupling may be held to the proximal end of 
the guide-catheter through an articulated joint so as to 
incline either side from the axis of the manipulation 
pusher and to move axially relative thereto. The slide- 

40 ways are accommodated inside the guide-catheter and 
extend beyond its distal end. 

[0067] An additional safeguarding tube may be fitted 
over the guide-catheter coaxially and movably with 
respect thereto, said tube being adapted to accommo- 
45 date the retainer portions carrying hooks with a view to 
preventing the hooks against premature catching the 
surrounding tissues during positioning manipulations. 
[0068] A wide variety of construction embodiments of 
the proposed microsurgical fixing device is due to diver- 
se sity of specific conditions for its application. Except for 
minor differences, positioning of each of the proposed 
microsurgical fixing devices is based on a single opera- 
tional concept which can be presented with reference to 
positioning a fixing device comprising two springs 
55 appearing as cone frustums put together with their 
greater bases, or comprising two springs appearing as 
flat rings. In this case the springs of the microsurgical 
fixing device are connected to those zigzag apices 
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which are disposed on the circles of lesser bases of 
cone frustums, or on the lesser circles of rings. This 
modification of the fixing device provides for its use in 
fixing the edges of holes in tissues, or as the joining 
member of a prosthetic appliance, e.g., a patch used for 5 
closing a defect or lesion of the wall of an organ. 
[0069] The proposed microsurgical fixing device can 
be positioned, taking account of its springy properties 
and ability to self-locking, using the manipulation pusher 
provided with flexible tie-members and low-elasticity 10 
slideways. 

[0070] Preparatory to positioning the microsurgical fix- 
ing device, the size and shape of the hole and the thick- 
ness of the wall tissue are assessed and the 
microsurgical fixing device having appropriate parame- 15 
ters and technical characteristics is selected. Account 
should be made of the fact that a microsurgical fixing 
device positioned in a hole is capable, due to its springy 
properties, of sustaining elastic deformation in order to 
suit the size and shape of the hole. However, when the 20 
diameter of the inside circle established by the micro- 
surgical fixing device is much in excess of the hole size, 
the pressure exerted by the device on the surrounding 
tissues proves to be excessive, whereby crimps may 
result on the fixed prosthetic appliance, such as a patch. 25 
When the hole size exceeds the diameter of the inside 
circle of the microsurgical fixing device and approxi- 
mates the diameter of the outside circle thereof, a gap 
may occur and, under certain conditions, the microsur- 
gical fixing device may fall out of the hole, which is quite 30 
inadmissible. Therefore correct positioning and reliable 
locking of the microsurgical fixing device must be under 
constant control either visually by direct observation or 
with the aid of commonly known special equipment. 
When the device is found to have been mispositioned or 35 
its size is inconsistent with that of the hole to be closed, 
it must be withdrawn and replaced with a suitable one. 
[0071] While preparing the microsurgical fixing device 
for positioning, the positioning manipulation pusher is 
put inside the cylinder-shaped sleeve 19 coaxially and 40 
movably with respect thereto. The tie-members 20 and 
their slideways 21 are extended beyond the cylinder- 
shaped sleeve 19, and the ends of the tie-members, 
beyond the ends of the slideways. Then the microsurgi- 
cal fixing device is joined with the manipulation pusher, 45 
establishing a loop from each tie-member, and each 
loop of each tie-member is connected to a respective 
free zigzag apex on one of the springs of the microsur- 
gical fixing device. The both ends of each tie-member 
are passed inside its respective slideway, and the ends so 
of all tie-members are passed inside the coupling and 
the guide-catheter, whereupon an equal length of each 
tie-member is measured out beyond the latter and all 
the tie-members are secured in the clamping fixture. 
[0072] While keeping the guide-catheter 24, one 55 
should apply an axial force to all the tie-members at a 
time so as to tension them until the zigzag apices bear 
up against the ends of the slideways of the tie-mem- 



bers, whereby the microsurgical fixing device gets 
secured rigidly on the manipulation pusher. While in this 
position the tie-members are fixed stationary relative to 
the guide-catheter 24 with the aid of the clamping fix- 
ture. 

[0073] Thus, the axes of symmetry of the joined- 
together microsurgical fixing device and manipulation 
pusher appear to be aligned, which enables one to com- 
press, pull through the cylinder-shaped sleeve, and 
arrange the microsurgical fixing device together with the 
prosthetic appliance (patch) secured thereon, inside 
said cylinder-shaped sleeve, by merely effecting an 
axial movement of the manipulation pusher with respect 
to the cylinder-shaped sleeve 19. Whenever necessary, 
the microsurgical fixing device can be released from the 
cylinder-shaped sleeve by applying an axial force to the 
fixing device to move it relative to said sleeve, with the 
result that the fixing device is self-released until assum- 
ing its original shape, thereby spreading the prosthetic 
appliance (patch) fixed thereto. The manipulations men- 
tioned above can be repeated many times without 
inflicting any damage to the microsurgical fixing device. 
[0074] While being arranged inside the cylinder- 
shaped sleeve for transportation, the fixing device and 
the manipulation pusher held together interact as an 
integral unit. When actuated by the end of the cylinder- 
shaped sleeve, the fixing device experiences, either 
directly or through tie-members and slideways, a com- 
pound power action having a variable vector resulting in 
consecutive compression of each of the fixing device 
springs which when compressed change their shape 
consecutively from flat to conical, then to cylindrical 
structure. After having been released from the cylindri- 
cal interior space of the positioning unit, the fixing 
device is self-spread to change its shape in the reverse 
order. This property of the fixing device is used when 
positioning it in a hole of tissue. 

[0075] The way for transporting the fixing device may 
somewhat vary depending on the location and accessi- 
bility of the hole in tissue to be closed. When the condi- 
tions permit it, the fixing device can be positioned 
directly from the cylinder-shaped sleeve 19 without 
using the transporting tube 17. Otherwise the fixing 
device is transported along the transporting tube 17 
whose distal end is preliminarily positioned at a required 
place using known techniques. In this case the cylinder- 
shaped sleeve accommodating the fixing device is 
joined together with the proximal end of the transporting 
tube, whereupon an axial force is applied to the manip- 
ulation pusher in order to displace the fixing device from 
the cylinder-shaped sleeve along the transporting tube 
to its distal end. 

[0076] Further on, while monitoring the position 
assumed by the distal end of the transporting tube, the 
end of which should be passed through the hole beyond 
the wall of the organ (FIG.11), one should extend the 
manipulation pusher till a position in which the slide- 
ways are directly at the outlet of the transporting tube 
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and the fixing device gets partly released beyond the 
hole in tissue (FIG. 12). The distal spring of the fixing 
device (which is disjoined from the manipulation 
pusher) is released to assume a flat shape, and the 
patch held thereto is spread completely. The proximal 
spring of the fixing device (which is joined together with 
the manipulation pusher) is released partially to assume 
a conical shape due to the fact that the apices of the 
spring zigzags held to the manipulation pusher are 
pulled up to the end of the transporting tube. Then an 
axial force is applied to simultaneously displace the 
transporting tube and the positioning manipulation 
pusher, thereby introducing the self-centering fixing 
device into the hole in tissue. The fact that the size of 
the fixing device is selected correctly is additionally 
judged against the degree of resistance offered to the 
device and its resultant elastic deformation. Once the 
distal spring of the fixing device gets forced against one 
side of the hole face, and the places at which the 
springs are joined together are at the level of the hole 
edges, with a fixed position of the positioning manipula- 
tion, an axial force is applied to the transporting tube 1 7 
to shift the latter and to release the slideways 21 of the 
tie-members. As a result, the proximal spring of the fix- 
ing device experiencing a weakened action thereon, 
assumes the initial shape and is fixed at the hole edges 
so that the springs are located on one and the other 
sides of the hole face (FIG. 13). Then a fixed restriction 
of the length of tie-members that has been used for 
compression, transporting, and positioning of the fixing 
device is eliminated. When pulling at the guide-catheter 
the length of the portions of tie-members between the 
apices of spring zigzags and the ends of the slideways 
increases (FIG. 14). Next the fixing device is further 
checked for correct positioning, since untensioned tie- 
members virtually exert no action, due to their low elas- 
ticity, on the fixing device, and its stable position 
depends on how reliable the device is held in the hole of 
tissue. Once the position of the fixing device has been 
considered correct, the tie-members are disjoined from 
the apices of the spring zigzags by pulling each tie- 
member at one of its ends. Finally, the positioning unit is 
withdrawn. 

[0077] The fixing device can be withdrawn and 
replaced without being damaged or inflicting injury to 
the tissues surrounding the hole. 
[0078] The fixing device can be positioned in a some- 
what different way. To this end, the fixing device is com- 
pletely released from the transporting tube and spread 
till the initial position beyond the hole. Then a force is 
applied to the manipulation pusher to pull it into the 
hole. As a result, the slideways are brought together 
under the pressure exerted by the hole edges, thus 
compressing the fixing device spring held thereto, which 
spring is free to pass, in a compressed state, into the 
hole. Once the places of joining the springs together get 
at the level of the hole edges, the force compressing the 
proximal spring disappears so that the spring gets 



released to hold the fixing device in position. 
[0079] The microsurgical fixing devices comprising 
more than two springs are positioned in the same way. 
[0080] A microsurgical fixing device comprising a sin- 

5 gle spring and retainers is positioned using the same 
components and in the same sequence but with allow- 
ance for its construction features stemming from the fact 
that the spring used therein is intended for carrying a 
prosthetic appliance (patch) and for retaining the fixing 

10 device by the wall of tissue from one side of the hole, 
while final fixing of the device is carried out not until the 
released spring is forced against the tissue and the 
hooks of the retainers penetrate into the bulk of the tis- 
sue. Account is therein taken of the fact that the retain- 

15 ers are incapable of self-locking and that a force is 
required for their securing on the tissue, said force being 
built up by virtue of elastic properties of the positioning 
manipulation pusher. Having regard to the fact, a micro- 
surgical fixing device comprising a single spring and 

20 retainers is positioned using a manipulation pusher hav- 
ing either tie-members made from elastic bars or flexible 
tie-members in combination with elastic slideways 
deflected to a required angle from the axis of the fixing 
device. With the correctly selected size of the microsur- 

25 gical fixing device, any of the preselected construction 
embodiments of the manipulation pusher should bring 
the ends of the retainers held thereto, elastically apart a 
distance exceeding the radius of the hole 

(the orifice or opening of a tubular organ) into 

30 which the microsurgical fixing device is to be positioned. 
[0081 ] Prior to placing the fixing device in the cylinder- 
shaped sleeve the retainer is secured on the manipula- 
tion pusher. When the manipulation pusher comprises 
flexible tie-members they are joined through a loop 

35 passed through the hole or ring at the retainer end; 
when the tie-members appear as elastic bars they are 
joined, through their end hooks, projections, or 
recesses, to the rings, holes, or recesses at the free 
ends of retainers. With the tie-members appearing as 

40 elastic bars, the places of their joining with the retainers 
are displaced inwards the slideways shaped as small 
tubes, and the tie-members are fixed in that position 
with respect to the guide-catheter. Once having been 
joined to the retainers of the fixing device, flexible tie- 

45 members are tensioned until the ends of the slideways 
bear against the ends of the retainer bars, or against the 
stationary fixed sleeves of the retainer hooks, and are 
also fixed in position with respect to the guide-catheter. 
[0082] Once the transporting tube 1 7 carrying the cyl- 

so inder-shaped sleeve 19 has been passed through the 
hole, the spring is freed from said tube and is released 
to assume its original shape. Then a force is applied to 
the manipulation pusher to pull the spring into the hole. 
Once the retainers have been arranged in the hole, the 

55 safeguarding tube (if any) is shifted to release the 
retainer hooks 8 and the tie-members 20 with the slide- 
ways 21, with the result that the spreading-apart action 
of the tie-members and slideways centers the fixing 



7 



13 



EP0 920 842 A1 



14 



device and forces the retainers against the hole edges, 
whereby said edges are fixed in position with the aid of 
the hooks. In cases where use is made of retainers 
comprising hooks mounted on movable sleeves, they 
are moved using the manipulation pusher comprising 
tie-members made from elastic bars by virtue of longitu- 
dinal motion of the tie-members relative to the slide- 
ways. Once the fixing device has been held in position 
and released from the manipulation pusher, the posi- 
tioning unit is withdrawn. When the microsurgical fixing 
device is found to have been mispositioned or held in 
place unreliably, it can be withdrawn from the hole and 
removed by being re-placed in the transporting tube 1 7. 

Industrial Applicability 

[0083] Practical use of the proposed invention makes 
it possible to materially extend the functional capabili- 
ties of microsurgical fixing devices and to attain better 
results of operative interferences. 

Claims 

1. A microsurgical fixing device, comprising a spring 
appearing as a flexible Z-shaped bar that forms a 
closed loop, CHARACTERIZED in that it further 
comprises at least one spring appearing also as a 
flexible Z-shaped bar, each of said springs being so 
arranged that its opposing apices are disposed 
along the perimeters of the bases of a cone frustum 
or along concentric circles that form a flat ring, 
while the apices of zigzags of said Z-shaped bar in 
each spring located on the same base of the cone 
frustum or along the same ring circle are joined 
together with the apices of zigzags of a next spring 
which are also arranged on the same base of the 
cone frustum or along the same ring circle through 
joining members so as to provide a possibility for 
said springs to be compressed reversibly, and the 
apices of zigzags not joined together are adapted to 
receive the actuating members of a positioning unit. 

2. A microsurgical fixing device as set forth in claim 1 , 
CHARACTERIZED in that it comprises two springs, 
each appearing as a cone frustum, while joined 
together are the apices of zigzags located on the 
greater bases of the cone frustums formed by each 
of the springs. 

3. A microsurgical fixing device as set forth in claim 1 , 
CHARACTERIZED in that it comprises two springs, 
each appearing as a cone frustum, while joined 
together are the apices of zigzags located on the 
lesser bases of the cone frustums formed by each 
of the springs. 

4. A microsurgical fixing device as set forth in claim 3, 
CHARACTERIZED in that the springs are put 



together with the greater bases of the cone frus- 
tums. 

5. A microsurgical fixing device as set forth in claim 4, 
s CHARACTERIZED in that the diameters of the 

greater bases of the cone frustums formed by each 
spring are unequal. 

6. A microsurgical fixing device as set forth in claim 4 
w or claim 5, CHARACTERIZED in that angles at the 

greater bases of the cone frustums formed by each 
of the springs, are not in excess of 45 degrees. 

7. A microsurgical fixing device as set forth in claim 1 , 
is CHARACTERIZED in that at least one spring turn is 

provided at each zigzag apex. 

8. A microsurgical fixing device as set forth in claim 1 , 
CHARACTERIZED in that the bar from which the 

20 spring is manufactured is made of wire having its 
various portions differing in shape and cross-sec- 
tional area. 

9. A microsurgical fixing device as set forth in any one 
25 of claims 1 -8, CHARACTERIZED in that each join- 
ing member appears as a bracing ring whose size 
is selected so that the device may be placed in the 
positioning unit. 

30 1 0. A microsurgical fixing device as set forth in claim 9, 
CHARACTERIZED in that the bracing ring appears 
as at least single spring turn. 

1 1 . A microsurgical fixing device as set forth in any one 
35 of claims 1 -8, CHARACTERIZED in that each join- 
ing member appears as a flexible bar provided with 
rings or holes at its ends, the size of said rings 
being so selected that the device may be placed in 
the positioning unit. 

40 

1 2. A microsurgical fixing device as set forth in any one 
of claims 1-8, CHARACTERIZED in that each join- 
ing member appears as a tension spring provided 
with rings at its ends, the size of said rings being so 

45 selected that the device may be placed in the posi- 
tioning unit. 

13. A microsurgical fixing device, comprising a spring 
appearing as a flexible Z-shaped bar that forms a 

so closed loop, said spring being so arranged that its 
opposing apices are arranged along the perimeters 
of the bases of a cone frustum or along concentric 
circles which form a flat ring, while all the apices of 
zigzags that are located on one of the bases of the 
55 cone frustum or on one of the circles of said flat ring 
are provided with retainers, each appearing as a 
flexible bar and has at least one hook; each retainer 
is movably connected, through the joining mem- 
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bers, to one or two apices of zigzags so as to pro- 
vide reversible compression of the spring; all the 
retainers are situated on the same side of the 
spring and the free ends of the retainer bars are 
adapted to receive the actuating members of the 5 
positioning unit. 

14. A microsurgical fixing device as set forth in claim 
13, CHARACTERIZED in that the angle at the 
greater base of a cone frustum defined by the 10 
spring, is not in excess of 45 degrees. 

15. A microsurgical fixing device as set forth in claim 
13, CHARACTERIZED in that the hooks of all the 
retainers are oriented away from the spring axis. 15 

16. A microsurgical fixing device as set forth in claim 
13, CHARACTERIZED in that at least one spring 
turn is provided at each of the zigzag apices. 

20 

17. A microsurgical fixing device as set forth in claim 
13, CHARACTERIZED in that the bar from which 
the spring is manufactured, is made of wire having 
its various portions differing in shape and cross- 
sectional area and is provided with hooks, or knurl- 25 
ing, or spring turns. 

18. A microsurgical fixing device as set forth in claim 
13, CHARACTERIZED in that a hole or ring is pro- 
vided at the end of each retainer opposite to the so 
free end thereof for movably connecting the retainer 

to the joining member. 

19. A microsurgical fixing device as set forth in claim 

13, CHARACTERIZED in that each joining member 35 
connecting the retainer to one zigzag apex appears 
as a closed ring or a ring with at least spring turn, 
the size of said rings being so selected that the 
device may be placed in the positioning unit. 

40 

20. A microsurgical fixing device as set forth in claim 
13, CHARACTERIZED in that each joining member 
is made from a flexible bar and appears as a sym- 
metrically curved clip having a back and two legs 
provided with rings at their ends and connected to 45 
two adjacent zigzag apices, while the clip back is 
connected to the retainer. 

21. A microsurgical fixing device as set forth in claim 

20, CHARACTERIZED in that the clip back has at so 
least one spring turn movably connected to the ring 
or hole provided at the retainer bar end opposite to 
the free end thereof. 

22. A microsurgical fixing device as set forth in claim 55 
13, CHARACTERIZED in that each retainer has the 
free end of its bar adapted to receive the actuating 
members of the positioning unit, is provided with a 



hole, or ring, or projection, or recess. 

23. A microsurgical fixing device as set forth in claim 
13, CHARACTERIZED in that the retainer hook is 
fitted on a sleeve fixed in position on the retainer 
bar. 

24. A microsurgical fixing device as set forth in claim 
13, CHARACTERIZED in that the retainer hook is 
provided on a sleeve which is movable over the 
retainer bar from the initial to the fixing position. 

25. A microsurgical fixing device as set forth in any one 
of claims 13-24, CHARACTERIZED in that each 
joining member has at least one further hook. 

26. A manipulation pusher, comprising a number of tie- 
members, each being adapted to join to the compo- 
nents of the present microsurgical device, CHAR- 
ACTERIZED in that it further comprises slideways 
in a number equal to that of tie-members, and a 
guide-catheter connected, through a coupling, to 
the slideways secured thereon; each tie-member is 
longitudinally movable inside the coupling and the 
guide-catheter with regard to its respective slide- 
way, the length of each tie-member exceeds a total 
length of its respective slideway, the coupling, and 
the guide-catheter; the distal end of each slideway 
is adapted to interact with the component of the 
microsurgery device joined with the corresponding 
tie-member and the guide-catheter carries a clamp- 
ing fixture adapted to fix the tie-members in posi- 
tion. 

27. A manipulation pusher as set forth in claim 26, 
CHARACTERIZED in that each tie-member is 
made of a loop-shaped flexible cord or string. 

28. A manipulation pusher as set forth in claim 26, 
CHARACTERIZED in that the tie-members appear 
as flexible bars provided with hooks, or projections, 
or recesses at the ends thereof which deflect at a 
maximum angle of 90 degrees with respect to the 
axis of the manipulation pusher. 

29. A manipulation pusher as set forth in claim 26, 
CHARACTERIZED in that the slideways appear as 
small flexible tubes inside which tie-members are 
accommodated. 

30. A manipulation pusher as set forth in claim 26, 
CHARACTERIZED in that the slideways appear as 
small tubes inside which tie-members are accom- 
modated and which are secured on the coupling 
through flexible bars that deflect at a maximum 
angle of 90 degrees with respect to the axis of the 
manipulation pusher. 
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31. A manipulation pusher as set forth in claim 26, 
CHARACTERIZED in that the slideways are equal 
in length. 

32. A manipulation pusher as set forth in any one of 5 
claims 26-31, CHARACTERIZED in that the cou- 
pling is fitted at the distal end of the guide-catheter. 

33. A manipulation pusher as set forth in any one of 
claims 26-31, CHARACTERIZED in that the cou- w 
pling is fitted at the proximal end of the guide-cath- 
eter through an articulated joint and the slideways 
are accommodated inside the guide-catheter and 
extend beyond its distal end. 

15 

34. A manipulation pusher as set forth in any one of 
claims 26-32, CHARACTERIZED in that it further 
comprises a safeguarding tube fitted on the guide- 
catheter coaxially therewith. 

20 
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